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To assess the potential of a small telescopes for a high temporal resolution astro-
physics, we observed the field of FRB 121102 repeating source of fast radio bursts
on a 50-cm D50 telescope of Ondřejov observatory, equipped with a fast frame rate
EMCCD detector. In a three nights of observations we did not detect any optical
flares from the source, which allows us to place an upper limit of 10 mJy for a bright-
ness of possible fast optical events on a time scale of 10 ms. We also characterize
the apparent brightness stability of a field stars on the same time scale in order to
investigate the potential of such telescopes for detecting faint optical variability on a
sub-second time scales.
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1 INTRODUCTION
Fast radio bursts (FRBs) are bright and very short flashes of
radio waves of yet unknown physical origin, first discovered
more than 10 years ago (Lorimer, Bailes, McLaughlin, Narke-
vic, & Crawford, 2007). They typically last less than a few
milliseconds, and display a large dispersion measure, suggest-
ing compact size and an extra-galactic origin. However, to date
no counterparts have ever be detected in other wavebands, and
no energetic transient events (gamma-ray bursts, supernovae,
active galactic nuclei) have been associated with FRBs.
The discovery of a repeating source of fast radio bursts,
FRB 121102 (Spitler et al., 2016), opened unprecedented pos-
sibilities for an accurate determination of its position, and the
source has been localized to a faint dwarf galaxy at a 푧 = 0.19
(Chatterjee et al., 2017; Tendulkar et al., 2017).
To date, the only attempt for an optical monitoring of
FRB 121102 position with high temporal resolution and syn-
chronous with radio observations was published by Hardy et
al. (2017), where authors did not detect any flashes brighter
than 1.2 mJy in 70.7 ms frames coincident with the times of
radio bursts from the source. Therefore, we decided to observe
the position of FRB 121102 synchronous with a dedicated
radio monitoring run on a 100-m Effelsberg radio telescope
(Shearer, 2017). Unfortunately, there were no radio detections
of a bursts from the object during that run (Shearer, 2017), so
we are unable to characterize the brightness of their simultane-
ous optical components. However, we may still place an upper
limit on a rapid optical activity of the source during its radio
quiet phase, as well as to characterize the performance of a
50-cm telescope with fast EMCCD camera for such a task.
The paper is organized as follows. Section 2 describes the
observations and data reduction, Section 3 gives an overview
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of our search for a rapid optical flashes on individual frames.
Then, in Section 4 we assess the stability of photometric mea-
surements of a field stars on a time scale of 10-20 ms, and
finally the Section 5 gives a brief conclusions.
2 OBSERVATIONS AND DATA
REDUCTION
We observed the field of FRB121102 for a three nights in Sep
2017 with a D50 telescope (Nekola et al., 2010) of Astro-
nomical Institute of Czech Academy of Sciences, located in
Ondřejov observatory, Czech Republic. The telescope is a 500
mm f/4.5 Newtonian, equipped with standard B, V, R, I and
N (Clear) filters, installed on a robotic mount and driven by
RTS2 robotic observatory control software (Kubánek et al.,
2004). During our observations, the telescope was equipped
with Andor iXon DU-888 EMCCD, operated in an electron-
multiplying regime with full amplification (300x). The detec-
tor has 1024x1024 13휇m pixels, which gives 1.18′′/pixel scale
and a 20′x20′ field of view. To improve the temporal res-
olution, we used 2x2 binning for the whole run, and either
full-frame or central half-frame readouts (which gives either
47 or 86 FPS frame rates).
The architecture of camera drivers in RTS2 does not support
taking continuous sequences of images and/or working with
high frame rate sensors. Thus, during the observations, the
camera was controlled by a dedicated FAST data acquisition
software (Karpov, 2018), which is specifically designed for
such scenarios. Using it, we acquired more than 2.5 millions
of science frames in various regimes, summarized in Table 1 .
All these frames were dark subtracted using masterdarks
constructed from a long series of “dark” frames acquired with
the same gain, EM gain and exposure settings of the camera
as scientific data, and then flatfield corrected using evening
sky flats acquired in a normal manner during standard tele-
scope operation. Every 30 consecutive frames were co-added
and astrometrically calibrated using local ASTROMETRY.NET
(Lang, Hogg, Mierle, Blanton, & Roweis, 2010) installation to
account for a tracking instabilities of the telescope mount and
atmospheric variations.
Due to a significantly non-Gaussian nature of a noise that is
dominant on short exposures (read-out and electron multipli-
cation noises, clock-induced charges), an accurate background
estimation on a single frame (see leftmost panel of Figure 1
for an example of an individual frame) is problematic (see
Figure 2 for a dependence of several standard background
estimators on a number of co-added frames). Therefore, we
derived the background map by employing a SExtractor-like
mode estimator, as implemented in a SEP (Barbary, 2018)
Python package, based on original SEXTRACTOR code by
Bertin & Arnouts (1996), on a 30 frames long co-added
images, and using this estimation for analyzing individual
frames.
To derive the photometric zero point, we used the stars from
APASS DR9 (Henden, Levine, Terrell, & Welch, 2015) cat-
alogue and the following photometric equations derived from
analyzing long co-added images:
Instr = I − 0.12 ⋅ (B − V) for I filter
Instr = V − 0.50 ⋅ (B − V) for N filter
3 SEARCH FOR OPTICAL FLASHES
In order to detect possible optical flashes from FRB 121102,
we performed an aperture photometry with 2 pixels radius at a
target position of FRB121102 and a background position close
to it (see leftmost panel of Figure 1 for a positions of object
and background apertures, and Figure 3 for a lightcurves
inside these apertures), and compared their statistical proper-
ties looking for any outliers. All of a few statistically significant
deviations of target flux were visually inspected and found
to be non-astrophysical, related to either detector read-out
anomalies, cosmic ray hits or meteors.
To define the upper limit for a single-frame optical flashes
detectable as a significant outliers in our observations, we
normalized both fluxes to the running estimations of stan-
dard deviation, and then computed a survival functions for
them, shown in Figure 4 . Both are practically identical, and
both display larger amount of high-amplitude outliers than
expected for a normal distribution, as expected for a large
amplification regimes of EMCCDs. We then constructed two
power-law extrapolants for an outward slope of survival func-
tions, “optimistic” (steeper) and “pessimistic” (flatter) ones,
which should constrain their possible behaviour. Finally, we
used these extrapolants to get the flux levels corresponding to
a 10−7 probability (effectively “5휎”) for a number of trials cor-
responding to the one of acquired frames (see Table 1 ). The
results for the upper limits for a brightness of possible events
on the time scale of single exposure for different regimes used
in our observations are listed in Table 2 .
4 PHOTOMETRIC STABILITY
In order to assess the limits of photometric stability achievable
in high temporal resolution observations with D50 telescope,
we performed a “forced” aperture photometry on a continu-
ous sequences of individual frames, with aperture positions
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TABLE 1 Summary of observations of a region around FRB 121102 on D50 telescope of Ondřejov observatory, Czech
Republic, in Sep 2017.
Start time, UT Filter Window Binning Exposure, s. FPS Duration, s. Nframes
2017-09-27 00:21:06 I 512 2x2 0.02 47 9811 447903
2017-09-27 03:05:57 N 512 2x2 0.02 47 2855 134132
2017-09-28 01:50:23 N 512 2x2 0.02 47 7.5 355
2017-09-28 01:55:54 N 256 2x2 0.01 86 7465 643522
2017-09-28 23:33:22 N 256 2x2 0.01 86 15934 1330690
Individual frame 10 frames co-added 100 frames co-added 1000 frames co-added
FIGURE 1 1.5′x1.5′ surroundings of a FRB 121102 position, as seen on individual frame (leftmost) or on a co-addition of 10,
100 and 1000 consecutive frames. Also, the apertures used for extraction of object and background fluxes are shown.
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FIGURE 2 Background level estimation as a function of
number of co-added frames for various algorithms. Due to
significantly non-normal distribution of prevalent sources of
noise, all of them are significantly biased on an individual
frame.
fixed to the ones measured on a co-addition of large number
of frames. Background level was also estimated on a co-added
frames in a way described in Section 2. Zero points were
derived on every individual frame by fitting the ensemble
brightness of the stars with catalogue values corrected for a
photometric equation of a specific filter. We then computed
mean values and standard deviations of every light curve, and
constructed the scatter-magnitude diagram (see Figure 5 ) in
order to check how precise are the individual measures and
TABLE 2 Upper limits for a brightness of possible optical
flashes at the position of FRB 121102 on time scale of a single
exposure.
Regime “Optimistic” limit “Pessimistic” limit
0.02 s / filter I 12.9m = 18.2 mJy 12.8m = 20 mJy
0.02 s / filter N 14.0m = 9.5 mJy 13.8m = 11.4 mJy
0.01 s / filter N 13.8m = 11.4 mJy 13.6m = 13.7 mJy
what one may expect from a high temporal resolution obser-
vations on a such telescope. About 5% accuracy is achievable
for brighter objects on a time scale of 10-20 ms.
Periodogram analysis (averaging of individual peri-
odograms of every extracted light curve, see Figure 6 )
displays a slight power increase below several Hz, which may
be attributed to either atmospheric instabilities or a slow drifts
of an electron-multiplying gain of the camera over time, and
needs a more detailed investigation. Probably, proper account-
ing for it may further improve the achievable precision levels
of photometric observations.
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FIGURE 3 Fluxes at the position of FRB 121102 and at a
comparison background position, measured in a circular aper-
tures with 2 pixels radius on all frames acquired in three nights
of observations. Mean values of both curves are zero. Time-
dependent variance is due to the background sky level increase
towards the morning. Singular outliers are due to either read-
out defects, cosmic ray hits or other non-astrophysical sources.
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FIGURE 4 Survival functions (probabilities of surpassing a
given value) for a RMS-normalized fluxes at the position of
FRB 121102 and a comparison background position. Also
shown is the same function for a normal distribution. Two
extrapolant models are shown what should accommodate for a
slope of possible rightward extension of survival functions.
5 CONCLUSIONS
In our three nights of observations of FRB 121102 position
with 50-cm D50 telescope in Sep 2017, resulted in acquisi-
tion of more than 2.5 millions of individual frames, we did
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FIGURE 5 Scatter versus magnitude plot for a photometric
measurements of stars over a long sequence of consecutive
frames for different regimes we used in observations. The
achievable precision is 0.05-0.1m for brighter objects.
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FIGURE 6 Average periodogram for 21 light curves acquired
with N filter and 0.01 s exposures.
not detect any significant optical flashes at the position of the
source. The non-detection allows us to define an upper level of
the possible brightness of flashes on the level of 10 to 20mJy in
10-20 ms, depending on the filter used. As there was no radio
detection of activity from the source during our observations
(Shearer, 2017), we can’t directly compare our results with the
ones of Hardy et al. (2017), however, their single-frame upper
limits of 1.2 mJy in 70.7 ms exposures makes an actual perfor-
mance of D50 telescope quite similar for bursts shorter than
out 10ms exposure, and the more so – considering the number-
of-trials corrections we had to use to derive the limits due to
absence of “selected” time positions.
Therefore we may conclude that even such small, 50-cm
telescopes, when equipped with fast and low-noise detectors,
may be quite useful tools for a monitoring of a rare astro-
physical events with known localizations, like repeating FRB
sources, flaring stars, X-ray binaries etc.
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